ECENTLY, transsphenoidal surgery has been chosen as the first procedure for removal of pituitary adenomas, including large macroadenomas. In cases of large or irregularly shaped macroadenomas, however, this approach has some disadvantages. It carries the risk of performing procedures without adequate visualization in the suprasellar mass. It is also difficult to estimate the amount of residual tumor during the operation, and thus tumor removal is less extensive than expected preoperatively. Using intraoperative MR images, Bohinski, et al., 4 found that 66% of patients still had unacceptable amounts of residual tumor after the initial resection. To achieve maximal removal of the tumor in a safe manner, we have developed a transcranial echo-guided transsphenoidal surgical approach. Several image-guided systems, including intraoperative MR imaging, fluoroscopic frameless stereotaxy, endoscopy, image-guided endoscopy, and computer-assisted navigation systems, have already been added to the transsphenoidal procedure. 4, 7, [10] [11] [12] 14 Nevertheless, this technique of transcranial echo-guided transsphenoidal surgery is superb in providing real-time images and is more cost and time effective than these other modalities. Using the echo-guided method, we can perform the operation safely and achieve maximal removal of the tumor.
Intraoperative Images
During suction-curettage, the location of the surgical instruments and changes in the tumor size can be easily observed using real-time echo imaging. Debulking of the tumor and opening of the cisterns, which preoperatively were dislocated and compressed by the tumor, can be visualized (Fig. 4) . Furthermore, the histological heterogeneity of the tumor can be identified using B-mode imaging. Figure 5A shows a sagittal MR image of the tumor in Case 3. The tumor appeared primarily homogeneous in Gd-enhanced MR images; however, B-mode imaging revealed a hyperechoic area in the anterosuperior portion of the tumor and other areas that are relatively hypoechoic. In this case, the first echo-guided transsphenoidal surgery achieved only partial removal of the tumor because the lesion was huge and hard. A transcranial interhemispheric approach had to be performed secondarily. Histological studies (Fig. 5C and D) revealed fibrous tissue without tumor cells in the anterosuperior portion of the lesion, which was previously observed to be hyperechoic during the first operation, and adenoma cells in another portion of the tumor, which was previously visualized as a relatively hypoechoic area.
During echo-guided transsphenoidal surgery, backscattering effects, an artifact of B-mode imaging, were observed. The backscattering created the illusion that the surgical instruments were being inserted from the inferior edge of the echo image. This illusion did not interfere with the operative procedures because we recognized it as an artifact.
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Operative Results
In four patients gross-total removal of the tumor was achieved (Fig. 6 ). In the patient in Case 3, only partial removal was achieved because the tumor was huge and hard, requiring us to perform the transcranial interhemispheric approach after the transsphenoidal one. Visual symptoms were improved in all cases. Permanent diabetes insipidus developed in two patients (Cases 3 and 4); however, replacement of vasopressin was not needed in the patient in Case 4 because the diabetes was very mild. Replacement of some anterior pituitary hormones was needed in three patients (Cases 1, 3, and 4).
Discussion
Transsphenoidal surgery for removal of large or irregularly shaped macroadenomas has some disadvantages. It carries the risk of performing procedures without adequate visualization in the suprasellar mass. In addition, it is difficult to estimate the amount of residual tumor that is left during the operation, resulting in a less extensive removal of the tumor than expected preoperatively. Using intraoperative MR imaging, Bohinski and colleagues 4 found that 66% of patients with macroadenomas still harbor unacceptable amounts of residual tumor after the initial resection.
Recently several imaging modalities have been introduced, including image-guided navigation, 10,14 endoscopy, 11, 12 and intraoperative MR imaging monitoring. 4, 7 Some of the methods are useful for avoiding misdirected surgical approaches; however, image-guided navigational systems are not suitable for the removal of macroadenomas via the transsphenoidal approach because tumor bulk and shape change dramatically during the operation, and these systems are not useful for estimating the amount of residual suprasellar tumor.
14 Intraoperative MR imaging can provide useful information, but the additional cost and time required may not justify its routine use. 10 In addition, Fahlbusch, et al., 7 have reported that the value of intraoperative MR images is limited because of drill artifacts from metal debris or blood in the resection cavity, which was present in 30% patients. Endoscopic-assisted surgery is minimally invasive, but only offers an increase in the direct visual field. Thus, some authors use image-guided navigation combined with endoscopic methods to prevent misdirected approaches.
11,12
Using echo-guided transsphenoidal surgery, we can monitor dynamic changes in tumor bulk and shape, as well as in surrounding brain structures by real-time imaging. Thus, echo-guided imaging is superior to other imaging methods, particularly in its ability to generate real-time images, its cost effectiveness, its contribution to the safety and simplicity of the surgical procedure, and its maximization of tumor removal.
Intraoperative use of real-time echo images in neurosurgery was introduced in the 1980s. 3, 5, 8, 9 Since then, echo- guided transsphenoidal surgery has been performed on a few occasions. Several authors have relied on transsellar Doppler ultrasonography. 1, 6, 16 They obtained echo images before and after tumor removal by filling the sphenoid sinus with saline. These images were useful, but real-time echo images could not be obtained during the tumor removal procedure. Using the same intraoperative transsellar ultrasonography, Watson and associates 17 localized 69% of microadenomas in patients with Cushing disease in whom MR imaging findings had been nondiagnostic. Atkinson, et al., 2 reported the only case involving transcranial-transdural real-time ultrasonography in the literature. 2 The methods described in that report were almost the same as ours except for our use of Doppler color flow imaging to detect major cerebral arteries. It would be an advantage to detect major cerebral arteries during surgery and thus avoid damaging vessels. 18 Therefore, several authors have tried intraoperative monitoring of large cerebral arteries by using pulse Doppler ultrasonography during transsphenoidal surgery. 13, 15, 18 This method does not provide images, however, and does not give information on the dislocation of vessels during the procedure. In this report, we confirm the value of transcranial echo-guided transsphenoidal surgery for the treatment of patients with large or irregularly shaped macroadenomas. In particular, the real-time monitoring of tumor debulking and visualization of surrounding brain structures, including vessels, are superb compared with other imaging modalities.
Conclusions
We have developed an echo-guided transsphenoidal surgical approach. Using this method, the location of surgical instruments, changes in tumor size, and surrounding brain structures can be easily observed during the operation on a real-time basis. Thus, we can safely perform the operation and achieve maximal removal of the tumor. This method is suitable for resecting large macroadenomas and some irregularly shaped adenomas in the suprasellar region.
